Purpose In human oocytes, sERCs are one of the dysmorphic phenotypes that have been reported. Significantly reduced pregnancy rates and a comparatively higher number of abnormities in live births appear to be associated with the presence of sERCs in oocytes. However, some reports have shown that healthy babies can be born, without any reduced pregnancy rates, from oocytes observed to contain sERCs. Thus, the clinical and scientific significance of oocytes that harbor sERCs remains controversial. Methods The presence of sERCs was evaluated using a time-lapse system while studying the dynamic changes within oocytes and embryos. Logistic regression analysis was carried out to explore the independent variables for meiotic and mitotic cleavage failure.. Results The incidence of mitotic cleavage failure and the incidence of meiotic cleavage failure during the second polar body extrusion in oocytes with sERCs were found to be significantly higher than that in oocytes without sERCs. Furthermore, ICSI was found to have a greater frequency of meiotic failure than IVF. Conclusions In cases of cleavage failure, an embryonic cell could become tetraploid and may induce abnormal chromosomal configurations. Some cells exposed to cleavage failure may become trophectoderm cells and form placental abnormalities. Even if they develop into trophectoderm cells, the ICM can be susceptible to further cleavage failure and may in turn cause further aneuploidy. For these reasons, it is important to monitor pregnancies and births derived from oocytes that contained sERCs.
Introduction
A smooth endoplasmic reticulum cluster (sERC) is one of the dysmorphic phenotypes which occasionally appears in human oocytes. In our previous report, the first in this specific field of research, we found that pregnancy rates remained low in sERC negative cohort oocytes in sERC positive cycles [1] . Since our first report regarding the poor outcome in sERC positive cycles, many studies have been conducted on the outcome of embryos derived from oocytes with sERCs. Significantly reduced pregnancy rates and a comparatively high number of abnormalities in live birth babies derived from sERC positive oocytes and/or sERC positive cycles have been reported [2] [3] [4] [5] . Following these reports, in 2011, the Alpha Scientists in Reproductive Medicine and the European Society of Human Reproduction and Embryology (ESHRE) Special Interest Group on Embryology recommended refraining from inseminating oocytes that contain sERC (2011).
However, following this recommendation to avoid the transfer of affected embryos, the opposite results have also been reported: showing that healthy babies, derived from sERC positive oocytes, can be born, without reduced pregnancy rates [6] [7] [8] . Thus, the clinical and scientific impact of sERC positive oocytes remains controversial. This discrepancy may be due to the different techniques employed in each laboratory, such as whether the data comes from fresh embryo transfers or frozen-thawed embryo transfers, different stimulation protocols and the timings of embryo transfers, all of which may influence the implantation rates.
Moreover, using different types of microscopes may have an impact on the ability to detect sERCs. sERC occurrence rates reported in papers are different, ranging from 5.4% [6] to 23.1% (this study). sERC detection rates among embryologists might also have been different depending on their level of experience, training, knowledge, and efforts to record the presence of sERCs. These factors could negatively influence the accuracy of data. Therefore, research on the biological, structural, and physiological features of sERC formation is further required.
We previously reported that sERC formation was related to higher serum estradiol levels detected in sERC positive cycles and this is in agreement with other studies [2, 9] . Very recently, Canto et al. reported that sERC positive oocytes had greater spindle lengths and widths compared with control oocytes. Furthermore, a greater number of sERC positive oocytes had intermittently weak actin staining sections in their suboolemmal regions [10] .
In human embryos, several abnormal cleavage patterns, such as direct cleavage and reverse cleavage, can be observed during embryo development by the use of time-lapse systems. These abnormalities are reported to be associated with lowered pregnancy rates [11] [12] [13] [14] . In the present study, our aim was to explore reproductive outcomes in relation to the presence of sERCs in the cytoplasm of oocytes.
Materials and methods
The presence of sERCs in oocytes was retrospectively reviewed using existing data that was captured by a timelapse system (EmbryoScope®) between January 2011 and December 2015. Informed consent was obtained from all patients to enable us to use their data for publication and this study received the approval of the institutional review board. During the course of this study, the recordings were restricted to patients aged between 30 and 40 years of age. Moreover, observations were limited only to those who yielded four or more oocytes, to enable the evaluation of the possible effects of the time-lapse system.
IVF and ICSI procedures
During the oocyte retrieval cycles, patients were treated using standard GnRH agonist/FSH protocols or with the antagonist/ FSH protocol. Ovulation induction was triggered when the second leading follicle was more than 18 mm in diameter. Ultrasound-guided transvaginal oocyte retrieval was performed 35-36 h later.
The IVF laboratory procedures were as follows. Immediately upon retrieval, oocytes were placed in Universal IVF Medium (Origio a/s, Jyllinge, Denmark) and overlaid with mineral oil (Irvine Scientific, USA). Oocytes were inseminated 3-5 h later using conventional insemination procedures or ICSI, depending on the semen parameters. After a fertilization check, performed approximately 4 h after insemination, the resultant zygotes were placed in Global medium (LifeGlobal, Canada), containing 10% HSA (LifeGlobal, Canada) where they remained until day 5. As sERC disappear in about 5 h after fertilization, it was possible to check the presence of sERC at this point.
Time lapse recordings and embryo evaluations
Time lapse images were captured automatically every 15 min, at seven focal planes using an EmbryoScope®Time-lapse system (Vitrolife, Tokyo, Japan). Any changes in the configuration of the embryos observed by time lapse system were retrospectively analyzed. Unfertilized oocytes and embryos which were cryopreserved on day 2 were excluded from the analyses. In all cases, the second and fourth best quality embryos were chosen for cryopreservation based on Gardner's embryo morphology criteria. The transfer of fresh best quality embryos, followed by transfer of cryopreserved embryos, in the absence of pregnancy with the fresh embryos, is our standard two-step procedure for improving pregnancy outcomes [15] . Detection of sERCs, using the time-lapse system, was performed by a single embryologist, who has more than 20 years experience in this field. In all cases, the presence of sERC was evaluated by careful observations of seven focal planes, while viewing the dynamic changes within oocytes from the start of time-lapse observations to pronuclear formation.
The definition of reverse cleavage and cleavage/cytokinetic failure

Reverse cleavage
A zygote cleaves into more than three cells. Then the cleaved cells reverse to two cells or to a reduced number of cells from the initial number of cleaved cells (Fig. 1 ). This pattern is considered to be reverse cleavage with completion of mitosis.
Cleavage/cytokinetic failure A cell cleaves into two cells or more, but subsequently, the cleaved cells revert to a single cell (Fig. 2) . This pattern includes cells in which cleavage has been initiated, but the cells fail to cleave completely. A schematic diagram of cleavage failure is shown in Fig. 3 .
Statistical analysis
Statistical analysis was carried out to explore the nature of the abnormalities that were found in embryos derived from sERC positive oocytes. Logistic regression analysis was carried out to explore the independent variables for meiotic and mitotic cleavage failures. Independent variables included fertilization procedure (ICSI or IVF), cycle occurrence of sERC, and oocyte-based occurrence of sERC. Odds ratios with 95% confidence intervals were calculated based on the logistic regression analysis. A P < 0.05 was considered statistically significant. EZR software, an open-source statistical software, which is based on BR^was used for statistical analysis.
Results
Time-lapse images were captured automatically and retrospectively analyzed from a total of 1415 MII oocytes, obtained from 43 sERC positive cycles, which had at least one oocyte with sERCs among the retrieved oocytes, and 143 cycles in which no sERCs were detected in the oocytes. During the study period, the occurrence of sERC at seven focal planes, using an EmbryoScope®Time-lapse system, was 23.1% (43/186).
Descriptive analysis of these cycles is shown in Table 1 . Among 1415 oocytes, sERCs were found in 5.7% of the oocytes (81/1415) using a time-lapse observation system. The incidence of mitotic cleavage failure in oocytes with sERCs was significantly higher than that in oocytes without sERCs (OR = 2.560, 95% CI 1.210-5.410, P = 0.014) ( Table 2) . Furthermore, the incidence of meiotic cleavage failure during the second polar body extrusion in oocytes with sERCs was significantly higher than that in oocytes without sERCs (OR = 5.140, 95% CI 1.190-22.200, P = 0.028) ( Table 3) . ICSI was found to have a greater frequency of meiotic failure than IVF (OR = 0.413, 95% CI 0.174-0.981, P = 0.045) ( Table 3 ). The occurrence of five meiotic During this study period, the formation of sERCs was found only in MII stage oocytes, with the exception of two rare cases. One occurred during mitosis after a prolonged period of metaphase (Supplemental video 1). In the other case, a sERC was detected in an oocyte after a prolonged period of its 2PN stage (Supplemental video 2).
Discussion
We explained in our previous paper that in human oocytes the localization of Ca 2+ may change. This phenomenon was detected in the small vesicles beneath the plasma membrane of sERs. In the pronuclear zygotes and blastomeres of cleaving embryos, Ca 2+ -rich vesicles were no longer present in proximity to the plasma membrane, and the entire cell periphery was poor in Ca 2+ -containing organelles which, however, were abundant in the perinuclear region [17, 18] . As Ca 2+ that can be released from sERs plays a pivotal role in oocyte maturation, fertilization and early embryonic development [19] , the unusual distribution pattern of sERC formation may be involved in the abnormal regulation of Ca 2+ signaling. Our current data, showing that aberrant cleavage frequently occurs in sERC positive oocytes, suggests that abnormal embryo development could be related to disturbed Ca 2+ distribution patterns.
sERCs usually appear in MII stage oocytes rather than in MI and GV stage oocytes, except in a few very rare cases (Supplemental videos 1 and 2), when the metaphase stage is abnormally extended. Supplemental video 1 shows an occurrence of sERC during mitosis after a prolonged period of metaphase. It was also found that sERCs appeared after an extended 2PN stage. Therefore, extended metaphase and/or interphase stages may be predisposed to the occurrence of more easily visible sERCs. In 2004, we reported that during oocyte denuding procedures, in which unfertilized oocytes were cultured for 2-5 days, sERCs frequently appeared in unfertilized oocytes that previously did not contain these structures [1] . In addition to our previous paper, showing that the size of sERCs increased during culture, sERCs move in the cytoplasm, suggesting that connections may exist between all sERs and/or small sERCs and these may combine to form larger clusters in the oocyte (Supplemental video 3). Nuclear maturation is usually suppressed using a GnRH agonist or antagonist. Hence the extended interphase (GV stage) after the completion of follicle maturation and/ or prolonged metaphase II, caused by a premature surge of LH, may cause sERC formation in MII oocytes.
The occurrence of sERCs could also be a sign of prolonged cytoplasmic maturation prior to the triggering of LH surges in controlled ovarian stimulation cycles. It is generally considered that the ideal size of pre-ovulatory follicles is around 18-20 mm; however, the negative impact on the cytoplasm in oocytes inside follicles that are larger than 21 mm is still unknown. In fact, we have reported that larger follicles, together with elevated serum estradiol and progesterone concentrations were found in sERC positive cycles [20] . This relates to our previous suggestion that a high concentration of estradiol per oocyte, when ovulation is triggered, may be an indicator of sERC predisposition [1] . It is well known that estradiol levels increase in proportion to the growth of ovarian follicles. From this evidence, the presence of sERCs could be considered to be a sign of excessive cytoplasmic maturation.
The sERC detection rate was higher in this study as compared to previous reports. This may be related to the improved detection of sERCs during their dynamic movement and Zaxis analysis using a time-lapse observation system. These more sensitive techniques were used in this study, whereas they were not in previous studies.
In present study, we found that the incidence of mitotic cleavage failure was higher in embryos derived from sERC positive oocytes than in embryos derived from sERC negative oocytes in both sERC positive and negative cycles. An embryonic cell that experiences cleavage failure during mitosis could become tetraploid and may cause abnormal chromosomal configurations in the embryo. Moreover, it was also found that the occurrence of meiotic errors, during second polar body extrusion, was also higher in sERC positive oocytes than in sERC negative oocytes. The failure of polar body extrusion is also a type of cleavage failure which results in 3PN1PB formation. As these cleavage failures cause chromosomal abnormalities, this may explain the previously reported data showing lower pregnancy rates and higher biochemical pregnancy rates associated with sERCs [1] [2] [3] [4] [5] . This may also explain the higher miscarriage rates demonstrated by Akarsu et al. (2009) . Some cells exposed to cleavage failure may become trophectoderm cells, and these may be susceptible to forming placental abnormalities. In addition, the cells that arise from sERC oocytes, that form the ICM, may be predisposed to further cleavage failure and may in turn cause further aneuploidy.
More biological, physiological, and structural evidence needs to be accumulated to understand the possible consequence rather than a cause of cleavage failure. Until we achieve a more complete understanding of sERCs origins, composition, and functions, the transfer of embryos derived from sERC positive oocytes should be undertaken with caution. The results of this study do not offer complete conclusions; however, enough data was acquired and analyzed to indicate areas for future research.
